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Figure 4 
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Figure 7 
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ANTI-ANGIOGENIC PEPTIDES FROM THE 
N-TERMINUS OF ENDOSTATIN 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of PCT/US04/ 
028143, Which Was ?led on Aug. 30, 2004, Which claims the 
bene?t of US. Provisional Applications 60/499,264, ?led on 
Aug. 29, 2003 and 60/539,213, ?led on Jan. 26, 2004; the 
contents of each application is hereby incorporated by refer 
ence in its entirety. 

STATEMENT OF RIGHTS 

This invention Was made With government support under 
Grant R01 CA064481 aWarded by the National Institutes of 
Health. The government has certain rights in the invention. 

BACKGROUND 

Endostatin, a 183 amino acid proteolytic cleavage frag 
ment corresponding to the C-terminus of collagen 18, has 
been the subject of investigation by a number of laboratories 
because of its anti-tumor activity With no toxic side effects 
(O’Reilly et al. (1997) Cell, 88: 277-285.; Kisker et al. (2001) 
Cancer Res, 61:7669-7674; Dhanabal et al. (1999) Cancer 
Res, 59: 189-197; Yoon et al. (1999) Cancer Res, 59: 6251 
6256; Folkman and Kalluri, (2003) Cancer Medicine, 6th 
edition, pp. 161 - 1 94. Hamilton: B. C. Decker Inc.).A number 
of anti-angiogenic activities have been reported for this pro 
tein, such as inhibition of endothelial cell proliferation, 
migration, and tube formation. Endostatin also suppresses 
vascular endothelial groWth factor (VEGF)-induced vascular 
permeability (Takahashi et al. (2003) Faseb J, 17: 896-898). 
HoWever, the mechanism of action of endostatin remains 
unknoWn. Endostatin inhibits endothelial cell migration by 
inhibiting phosphorylation of focal adhesion kinase via bind 
ing to (x5 [31 integrin (Wickstrom et al. (2002) Cancer Res, 62: 
5580-5589). It also has been shoWn that cell surface glypicans 
are loW-a?inity endostatin receptors (Karumanchi et al. 
(2001) Mol Cell, 7: 811-822). Endostatin has been implicated 
in several signaling pathWays, such as doWnregulation of 
c-myc (Shichiri and Hirata (2001) Faseb J, 15: 1044-1053), 
cyclin-D1 (Hanai et al. (2002) J Biol Chem, 277. 16464 
16469) and RhoA activity (Wickstrom et al. (2003) J Biol 
Chem, 278: 37895-37901), blockage of VEGF signaling 
(Hajitou et al. (2002) Faseb J, 16: 1802-1804; Kim et al. 
(2002) J Biol Chem, 277: 27872-27879), and inhibition of the 
Wnt-signaling pathWay (Hanai et al. (2002) J Cell Biol, 158: 
529-539). Furthermore, endostatin has been shoWn to bind 
and inactivate metalloproteinases (Kim et al. (2000) Cancer 
Res, 60: 5410-5413; Nyberg et al. (2003) J Biol Chem, 278: 
22404-2241 1; Lee et al. (2002) FEBS Lett, 519: 147-152) and 
to regulate a spectrum of genes Which suppress angiogenesis 
(Abdollahi et al. (2004) Mol Cell, 13: 649-663). 
The crystal structures of both murine and human endosta 

tin have been elucidated (Hohenester et al. (1998) Embo J, 17: 
1656-1664; Ding et al. (1998) Proc Natl Acad Sci USA, 95: 
10443-10448) and shoW a noncovalently held dimer at high 
concentration required for crystalliZation (Ding et al. (1998) 
Proc Natl Acad Sci USA, 95: 10443-10448). The presence of 
tWo disul?de bonds results in a highly folded structure. 
Endo statin binds one atom of Zinc per monomer via the three 
histidines in the N-terminus of the molecule (histidines 1, 3, 
and 11) and asparatic 76. The heparin binding property of 
endostatin is mediated by noncontiguous arginines clustered 
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2 
over the three dimensional globular surface of the molecule 
(Sasaki et al. (1999) Embo J, 18: 6240-6248). 

Oligomeric endostatin (N C1 and dimer) have been shoWn 
to be primarily associated With laminin in the basement mem 
brane (Javaherian et al. (2002) J Biol Chem, 277: 45211 
45218). This association may be important for some of the 
biological functions displayed by endostatin. On the other 
hand, the heparin binding properties of endostatin manifest 
themselves in its interaction With the cell surface. It is likely 
that endostatin has a number of biological functions mediated 
by different regions of the protein. 

SUMMARY 

The instant disclosure is based on the surprising ?nding 
that the N-terminal region of endostatin is responsible for its 
anti-angiogenic activity. Based on these ?ndings, the disclo 
sure features anti-angiogenic peptides comprising at least 
about 12 amino acids of SEQ ID Nos. 2 or 4. Other anti 
angiogenic peptides comprise at least about 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24 or 25 amino acids of SEQ ID Nos. 
2 or 4. Exemplary anti-angiogenic peptides are selected from 
the group consisting of SEQ ID Nos. 6, 8, 10, 12, 14, 16, 18, 
20, 22,24, 26, 28, 30, 32,34, 36, 38, 40, 42,44, 46, 48, 50, 52, 
54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 
88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 
116,118,120,122,124-131. 
Also featured are pharmaceutical compositions compris 

ing a pharmaceutically acceptable carrier and an effective 
amount of an anti-angiogenic peptide comprising at least 
about 12 amino acids of SEQ ID Nos. 2 or 4. Certain phar 
maceutical compositions are comprised of an anti-angiogenic 
protein as disclosed herein and a second peptide. Other phar 
maceutical compositions additionally comprise an effective 
amount of Zinc. Devices, such as syringes and stents Which 
comprise a peptide disclosed herein, are also described. 

Further disclosed are nucleic acids encoding anti-angio 
genic peptides, Which comprise at least about 12 amino acids 
of SEQ ID Nos. 2 or 4, as Well as pharmaceutical composi 
tions comprising a disclosed nucleic acid in a suitable vector 
for expression of an effective amount of anti-angiogenic pep 
tide to a subject. Preferred nucleic acids comprise at least 
about 36, 54 or 60 nucleotides ofSEQ ID Nos. 1, 3 or 5. Other 
preferred nucleic acids are selected from the group consisting 
ofSEQ ID Nos.: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 
29, 31, 33, 35, 37, 39, 41, 43, 45, 47,49, 51, 53, 55, 57, 59, 61, 
63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 
97,99,101,103, 105,107,109,111,113,115,117, 119,121 
and 123. 

Also provided are methods forusing the disclosed peptides 
for treating or preventing a disease or condition that results 
from angiogenesis (an angiogenic associated disease), such 
as a cancer or tumor groWth. 

Other features and advantages of the disclosed anti-angio 
genic peptides Will become apparent based on an understand 
ing of the folloWing detailed description and claims. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a graph shoWing treatment of human pancreatic 
carcinoma (BxPC3) With human endostatin peptides. 

FIGS. 2A-C are graphs shoWing that the N-terminal 
domain of endostatin is responsible for its anti-tumor prop 
er‘ties. FIG. 2A is a graph shoWing treatment of LLC With 
murine Fc-endostatin and murine peptides P1, P2, P5, and P6 
(mP1, mP2, mP5 and mP6, respectively); FIG. 2B are images 
of LLC sections shoWing CD31 staining; FIG. 2C is a graph 
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showing the determination of vessel density (*p<0.015 vs. 
PBS (control)); and FIG. 2D is a schematic diagram showing 
the crystal structure of endostatin. 

FIG. 3A-E are graphs shoWing that the Zinc binding site of 
endostatin is important for anti-tumor activity. FIG. 3A is a 
schematic diagram of mP1 (SEQ ID NO: 4) and mP1-H1/3A 
(SEQ ID NO: 150); FIG. 3B is a graph shoWing Zinc binding 
to mP1 and mP1-H1/3A; Figure 3C is a graph shoWing treat 
ment of LLC With mP1 and mP1-H1/3A; FIG. 3D shoWs 
images of LLC tumor sections stained With CD31; and FIG. 
3E is a graph shoWing the determination of vessel density. 

FIG. 4 is a graph shoWing the tumor volume of mice having 
LLC treated tWice daily With mP1 or mP1 -H With or Without 
Zinc on days 4, 7, 10 and 14. 

FIG. 5 is a graph shoWing inhibition of endothelial cell 
migration by endostatin peptides. 

FIGS. 6A and B shoW inhibition of VEGF-induced perme 
ability by endostatin peptides. FIG. 6A is a graph shoWing 
quanti?cation of Evan’s blue dye extracted from the skin by 
incubation With formamide for 5 days at room temperature as 
measured at 620 nm; and FIG. 6B shoWs representative pic 
tures ofa Miles assay (V is VEGF, P is PBS). 

FIG. 7 is a graph shoWing the tumor volume in mice to 
Which mP1 endostatin peptides mP1, mP1-15, mP1-20 or 
PBS Was administered as a function of days folloWing the 
beginning of the treatment. 

FIG. 8 shoWs the nucleic acid and amino acid sequence of 
human and murine endo statin proteins. 

DETAILED DESCRIPTION 

De?nitions 

As used herein, the folloWing terms and phrases shall have 
the meanings set forth beloW. Unless de?ned otherWise, all 
technical and scienti?c terms used herein have the same 
meaning as commonly understood to one of ordinary skill in 
the art. 

The singular forms “a,” “an,” and “the” include plural 
reference unless the context clearly dictates otherWise. 

The term “bioavailable” When referring to a compound is 
art-recognized and refers to a form of a compound that alloWs 
for it, or a portion of the amount of compound administered, 
to be absorbed by, incorporated to, or otherWise physiologi 
cally available to a subject or patient to Whom it is adminis 
tered. 
As used herein, the term “composition” is intended to 

encompass a product comprising speci?ed ingredients in spe 
ci?c amounts, as Well as any product Which results, directly or 
indirectly, from combination of the speci?c ingredients in the 
speci?ed amounts. 

“Conservative substitutions” are changes betWeen amino 
acids of broadly similar molecular properties. For example, 
interchanges Within the aliphatic group alanine, valine, leu 
cine and isoleucine can be considered as conservative. Some 
times substitution of glycine for one of these can also be 
considered conservative. Other conservative interchanges 
include those Within the aliphatic group aspartate and 
glutamate; Within the amide group asparagine and glutamine; 
Within the hydroxyl group serine and threonine; Within the 
aromatic group phenylalanine, tyrosine and tryptophan; 
Within the basic group lysine, arginine and histidine; and 
Within the sulfur-containing group methionine and cysteine. 
Sometimes substitution Within the group methionine and leu 
cine can also be considered conservative. Preferred conser 
vative substitution groups are aspartate-glutamate; aspar 
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4 
agine-glutamine; valine-leucine-isoleucine; alanine-valine; 
phenylalanine-tyrosine; and lysine-arginine. 
The terms “parenteral administration” and “administered 

parenterally” are art-recognized and refer to modes of admin 
istration other than enteral and topical administration, usually 
by injection, and includes, Without limitation, intravenous, 
intramuscular, intraarterial, intrathecal, intracapsular, 
intraorbital, intracardiac, intradermal, intraperitoneal, tran 
stracheal, subcutaneous, subcuticular, intra-ar‘ticular, subcap 
sular, subarachnoid, intraspinal, and intrastemal injection and 
infusion. 
A “patient, subject” or “host” to be treated by the subject 

method may mean either a human or non-human animal. 
The term “percent identical” refers to sequence identity 

betWeen tWo amino acid sequences or betWeen tWo nucle 
otide sequences. Identity can each be determined by compar 
ing a position in each sequence Which may be aligned for 
purposes of comparison. When an equivalent position in the 
compared sequences is occupied by the same base or amino 
acid, then the molecules are identical at that position; When 
the equivalent site occupied by the same or a similar amino 
acid residue (e.g., similar in steric and/or electronic nature), 
then the molecules can be referred to as homologous (similar) 
at that position. Expression as a percentage of homology, 
similarity, or identity refers to a function of the number of 
identical or similar amino acids at positions shared by the 
compared sequences. Various alignment algorithms and/or 
programs may be used, including FASTA, BLAST, or 
ENTREZ. FASTA and BLAST are available as a part of the 
GCG sequence analysis package (University of Wisconsin, 
Madison, Wis.), and can be used With, e.g., default settings. 
ENTREZ is available through the National Center for Bio 
technology Information, National Library of Medicine, 
National Institutes of Health, Bethesda, Md. In one embodi 
ment, the percent identity of tWo sequences can be deter 
mined by the GCG program With a gap Weight of 1, e.g., each 
amino acid gap is Weighted as if it Were a single amino acid or 
nucleotide mismatch betWeen the tWo sequences. Other tech 
niques for alignment are described in Methods in Enzymol 
ogy, vol. 266: Computer Methods for Macromolecular 
Sequence Analysis (1996), ed. Doolittle, Academic Press, 
Inc., a division of Harcourt Brace & Co., San Diego, Calif., 
USA. Preferably, an alignment program that permits gaps in 
the sequence is utiliZed to align the sequences. The Smith 
Waterrnan is one type of algorithm that permits gaps in 
sequence alignments. See Melh. Mol. Biol. 70: 173-187 
(1997). Also, the GAP program using the Needleman and 
Wunsch alignment method can be utiliZed to align sequences. 
An alternative search strategy uses MPSRCH softWare, 
Which runs on a MASPAR computer. MPSRCH uses a Smith 

Waterrnan algorithm to score sequences on a massively par 
allel computer. This approach improves ability to pick up 
distantly related matches, and is especially tolerant of small 
gaps and nucleotide sequence errors. Nucleic acid-encoded 
amino acid sequences can be used to search both protein and 
DNA databases. Databases With individual sequences are 
described in Methods in Enzymology, ed. Doolittle, supra. 
Databases include Genbank, EMBL, and DNA Database of 
Japan (DDBJ). 
The term “pharmaceutically acceptable carrier” is art-rec 

ogniZed and refers to a pharmaceutically-acceptable material, 
composition or vehicle, such as a liquid or solid ?ller, diluent, 
excipient, solvent or encapsulating material, involved in car 
rying or transporting any subject composition or component 
thereof from one organ, or portion of the body, to another 
organ, or portion of the body. Each carrier must be “accept 
able” in the sense of being compatible With the subject com 
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position and its components and not injurious to the patient. 
Some examples of materials Which may serve as pharmaceu 
tically acceptable carriers include: (1) sugars, such as lactose, 
glucose and sucrose; (2) starches, such as corn starch and 
potato starch; (3) cellulose, and its derivatives, such as 
sodium carboxymethyl cellulose, ethyl cellulose and cellu 
lose acetate; (4) poWdered tragacanth; (5) malt; (6) gelatin; 
(7) talc; (8) excipients, such as cocoa butter and suppository 
Waxes; (9) oils, such as peanut oil, cottonseed oil, saf?oWer 
oil, sesame oil, olive oil, corn oil and soybean oil; (10) gly 
cols, such as propylene glycol; (11)polyols, such as glycerin, 
sorbitol, mannitol and polyethylene glycol; (12) esters, such 
as ethyl oleate and ethyl laurate; (13) agar; (14) buffering 
agents, such as magnesium hydroxide and aluminum hydrox 
ide; (15) alginic acid; (16) pyrogen-free Water; (17) isotonic 
saline; (18) Ringer’s solution; (19) ethyl alcohol; (20) phos 
phate buffer solutions; and (21) other non-toxic compatible 
substances employed in pharmaceutical formulations. 
The terms “polynucleotide”, and “nucleic acid” are used 

interchangeably. They refer to a polymeric form of nucle 
otides of any length, either deoxyribonucleotides or ribo 
nucleotides, or analogs thereof. The folloWing are non-limit 
ing examples of polynucleotides: coding or non-coding 
regions of a gene or gene fragment, loci (locus) de?ned from 
linkage analysis, exons, introns, messenger RNA (mRNA), 
transfer RNA, ribosomal RNA, riboZymes, cDNA, recombi 
nant polynucleotides, branched polynucleotides, plasmids, 
vectors, isolated DNA of any sequence, isolated RNA of any 
sequence, nucleic acid probes, and primers. A polynucleotide 
may comprise modi?ed nucleotides, such as methylated 
nucleotides and nucleotide analogs. If present, modi?cations 
to the nucleotide structure may be imparted before or after 
assembly of the polymer. The sequence of nucleotides may be 
interrupted by non-nucleotide components. A polynucleotide 
may be further modi?ed after polymerization, such as by 
conjugation With a labeling component. The term “recombi 
nant” polynucleotide means a polynucleotide of genomic, 
cDNA, semisynthetic, or synthetic origin Which either does 
not occur in nature or is linked to another polynucleotide in a 
nonnatural arrangement. The term “oligonucleotide” may be 
used to refer to a single stranded polynucleotide having less 
than about 100 nucleotides, less than about, e.g, 75, 50, 25, or 
10 nucleotides. 

The terms “polypeptide”, “peptide” and “protein” (if 
single chain) are used interchangeably herein to refer to poly 
mers of amino acids. The polymer may be linear or branched, 
it may comprise modi?ed amino acids, and it may be inter 
rupted by non-amino acids. The terms also encompass an 
amino acid polymer that has been modi?ed; for example, 
disul?de bond formation, glycosylation, lipidation, acetyla 
tion, phosphorylation, or any other manipulation, such as 
conjugation With a labeling component. As used herein the 
term “amino acid” refers to either natural and/or unnatural or 
synthetic amino acids, including glycine and both the D or L 
optical isomers, and amino acid analogs and peptidomimet 
ics. 

The term “prophylactic” or “therapeutic” treatment is art 
recogniZed and refers to administration of a drug to a host. If 
it is administered prior to clinical manifestation of the 
unWanted condition (e. g., disease or other unWanted state of 
the host animal) then the treatment is prophylactic, i.e., it 
protects the host against developing the unWanted condition, 
Whereas if administered after manifestation of the unWanted 
condition, the treatment is therapeutic (i.e., it is intended to 
diminish, ameliorate or maintain the existing unWanted con 
dition or side effects therefrom). 
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6 
The term “synthetic” is art-recognized and refers to pro 

duction by in vitro chemical or enZymatic synthesis. 
The terms “systemic administration,” “administered sys 

temically,” “peripheral administration” and “administered 
peripherally” are art-recogniZed and refer to the administra 
tion of a subject composition, therapeutic or other material 
other than directly into the central nervous system, such that 
it enters the patient’s system and, thus, is subject to metabo 
lism and other like processes. 
The term “therapeutic agent” is art-recognized and refers 

to any chemical moiety that is a biologically, physiologically, 
or pharmacologically active substance that acts locally or 
systemically in a subject. The term thus means any substance 
intended for use in the diagnosis, cure, mitigation, treatment 
or prevention of disease or in the enhancement of desirable 
physical or mental development and/or conditions in an ani 
mal or human. 

The term “therapeutic effect” is art-recognized and refers 
to a local or systemic effect in animals, particularly mammals, 
and more particularly humans caused by a pharmacologically 
active substance. The phrase “therapeutically-effective 
amount” means that amount of such a sub stance that produces 
some desired local or systemic effect at a reasonable bene?t/ 
risk ratio applicable to any treatment. The therapeutically 
effective amount of such substance Will vary depending upon 
the subject and disease condition being treated, the Weight 
and age of the subject, the severity of the disease condition, 
the manner of administration and the like, Which can readily 
be determined by one of ordinary skill in the art. For example, 
certain compositions described herein may be administered 
in a su?icient amount to produce a at a reasonable bene?t/risk 
ratio applicable to such treatment. 
The term “treating” is art-recognized and refers to curing as 

Well as ameliorating at least one symptom of any condition or 
disease or preventing a condition or disease from Worsening. 
The term “vector” refers to a nucleic acid capable of trans 

porting another nucleic acid to Which it has been linked. One 
type of vector Which may be used in accord With the invention 
is an episome, i.e., a nucleic acid capable of extra-chromo 
somal replication. Other vectors include those capable of 
autonomous replication and expression of nucleic acids to 
Which they are linked. Vectors capable of directing the expres 
sion of genes to Which they are operatively linked are referred 
to herein as “expression vectors”. In general, expression vec 
tors of utility in recombinant DNA techniques are often in the 
form of “plasmids” Which refer to circular double stranded 
DNA molecules Which, in their vector form are not bound to 
the chromosome. In the present speci?cation, “plasmid” and 
“vector” are used interchangeably as the plasmid is the most 
commonly used form of vector. HoWever, the invention is 
intended to include such other forms of expression vectors 
Which serve equivalent functions and Which become knoWn 
in the art subsequently hereto. 

Exemplary Compositions 
Peptides 
Provided herein are peptides or polypeptides and variants 

thereof that inhibit, e. g., angiogenesis and thereby inhibit 
tumor groWth and/or formation. Peptides may comprise an 
N-terminal amino acid sequence of an endostatin protein. The 
endo statin protein may be a mammalian protein, such as from 
a human, a non-human primate, a canine, a feline, an equine, 
a bovine, an ovine, a sheep, or a rodent (e.g., mouse or rat). A 
nucleotide sequence encoding human endostatin is set forth 
in SEQ ID NO: 151 and the protein encoded thereby is set 
forth as SEQ ID NO: 152 and is identical to GenBankAcces 
sion number AAF01310 except that it is lacking the initiator 
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methionine of AAF01310. A nucleotide sequence encoding 
mouse endostatin is set forth in SEQ ID NO: 153 and the _continued 
protein encoded thereby is set forth as SEQ ID NO: 154 and 
is identical to GenBank Accession number AAF69009. The HSHRDFQPVLHLVALNSPLSGG’ (SEQ ID NO: 44) 

nucleotide and amino acid sequences of other species are also 5 HSHRDFQPVLHLVALNSPLSG; ( SEQ ID N02 46) 
publicly available. 

In one embodiment, the peptide comprises about 5 to about HSHRDFQPVLHLVALNSPLS? (SEQ ID N0 = 4 8) 
40 amino acids of the N-terminal region of an endostatin 
protein. The peptide may comprise from about 10 to about 30 
or 35 amino acids or from about 20 to about 30 or 35 amino 10 HSHRDFQPVLHLVALNSP ; (SEQ ID NO: 52) 
acids of the N-terminal region of an endostatin protein. For 

HSHRDFQPVLHLVALNSPL; (SEQ ID NO: 50) 

. - - - HSHRDFQPVLHLVALNS; (SEQ ID NO: 54) example, a peptide may comprise about amino acids 1 to 
about amino acids 35, 30, 25, 20, 15, Or Ofan endostatin HSHRDFQPVLHLVALN; (SEQ ID N02 56) 
protein, such as a protein having SEQ ID NO: 2 or 4. The 
amino acid sequences of these human and mouse peptides are 15 HSHRDFQPVLHLVAL? (SEQ ID NO= 58) 

HSHRDFQPVLHLVALNSPLSGGMRGIR (SEQ ID NO: 2) HSHRDFQPVLHLVA; (SEQ ID NO: 60) 
and HTHQDFQPVLHLVALNTPLSGGMRGIR (mPl; SEQ 
ID NO: 4), respectively. SEQ ID NO:2 is encoded by the HSHRDFQPVLHLV; (SEQ ID NO: 62) 
folloWing nucleic acid sequence: cacagccaccgcgacttccagccg 

HSHRDFQPVLHL; (SEQ ID NO: 64) gtgctccacctggttgcgctcaacagc- 20 
CCCCtgtcaggcggcatgcggggcatcCgc (SEQ ID NO? 1)~ SEQ ID THQDFQPVLHLVALNTPLSGGMRGIR; (SEQ ID NO: 66) 
NO: 4 is encoded by the folloWing nucleic acid sequence: 
catactcatcaggacmcagccagp HQDFQPVLHLVALNTPLSGGMRGIR; (SEQ ID NO: 68) 

zéscltfgalclgtggggigactgaacaccCCctgtctggaggcatgcgtggtatccgt 25 QDFQPVLHLVALNTPLSGGMRGIR; (SEQ ID NO: 70) 

Peptides, Which are slightly different from SEQ ID NO: 1 DFQPVLHLVALNTPLSGGMRGIR ; (SEQ ID NO: 72) 
have been shoWn to retain anti-angiogenic activity. One such 
peptide is HSHRDFQPVLHLVALNSPLSGGMRG (hPl; FQPVLHLVALNTPLSGGMRGIR’ ‘SEQ ID NO: 74) 

6), iS encoded the nucleic acid QPVLHLVALNTPLSGGMRGIR; (SEQ ID N02 76) 
sequence: catactcatcaggactttcagccagt- 30 
gctccacctggtggcactgaacaccccctgtctggaggcatgcgtggt (SEQ PVLHLVALNTPLSGGMRGIR? (SEQ ID NO= 78) 

ID NO: 5). SEQ ID NO: 6 does not conta1n the tWo most VLHLVALNTPLSGGMRGIR; (SEQ ID NO: 80) 
C-terminal amino acid residues in SEQ ID NO: 2. Further 
anti-angiogenic peptides may lack one or more amino acids at LHLVALNTPLSGGMRGIR; (SEQ ID NO : 82) 
the Ni or C-terminus of SEQ ID Nos. 2 or 4. Exemplary 35 
anti-angiogenic peptides are as folloWs: HLVALNTPLSGGMRGIR; (SEQ ID NO: 84) 

LVALNTPLSGGMRGIR; (SEQ ID NO: 86) 

SHRDFQPVLHLVALNSPLSGGMRGIR; (SEQ ID NO: 8) VALNTPLSGGMRGIR; (SEQ ID NO: 88) 

HRDFQPVLHLVALNSPLSGGMRGIR; (SEQ ID NO: 10) 40 ALNTPLSGGMRGIR; (SEQ ID NO: 90) 

RDFQPVLHLVALNSPLSGGMRGIR; (SEQ ID NO: 12) LNTPLSGGMRGIR; (SEQ ID NO: 92) 

DFQPVLHLVALNSPLSGGMRGIR; (SEQ ID NO: 14) NTPLSGGMRGIR; (SEQ ID NO: 94) 

FQPVLHLVALNSPLSGGMRGIR; (SEQ ID NO: 16) 45 HTHQDFQPVLHLVALNTPLSGGMRGI; (SEQ ID NO: 96) 

QPVLHLVALNSPLSGGMRGIR; (SEQ ID NO: 18) HTHQDFQPVLHLVALNTPLSGGMRG; (SEQ ID NO: 98) 

PVLHLVALNSPLSGGMRGIR; (SEQ ID NO: 20) HTHQDFQPVLHLVALNTPLSGGMR; (SEQ ID NO: 100) 

VLHLVALNSPLSGGMRGIR; (SEQ ID NO: 22) 50 HTHQDFQPVLHLVALNTPLSGGM; (SEQ ID NO: 102) 

LHLVALNSPLSGGMRGIR; (SEQ ID NO: 24) HTHQDFQPVLHLVALNTPLSGG; (SEQ ID NO: 104) 

HLVALNSPLSGGMRGIR; (SEQ ID NO: 26) HTHQDFQPVLHLVALNTPLSG; (SEQ ID NO: 106) 

LVALNSPLSGGMRGIR; (SEQ ID NO: 28) 55 HTHQDFQPVLHLVALNTPLS; (mPl-20; SEQ ID NO: 108) 

VALNSPLSGGMRGIR; (SEQ ID NO: 30) HTHQDFQPVLHLVALNTPL; (SEQ ID NO: 110) 

ALNSPLSGGMRGIR; (SEQ ID NO: 32) HTHQDFQPVLHLVALNTP; (SEQ ID NO: 112) 

LNSPLSGGMRGIR; (SEQ ID NO: 34) 60 HTHQDFQPVLHLVALNT; (SEQ ID NO: 114) 

NSPLSGGMRGIR; (SEQ ID NO: 36) HTHQDFQPVLHLVALN; (SEQ ID NO: 116) 

HSHRDFQPVLHLVALNSPLSGGMRGI; (SEQ ID NO: 38) HTHQDFQPVLHLVAL; (mPl-l5; SEQ ID NO: 118) 

HSHRDFQPVLHLVALNSPLSGGMR; (SEQ ID NO: 40) 65 HTHQDFQPVLHLVA; (SEQ ID NO: 120) 

HSHRDFQPVLHLVALNSPLSGGM; (SEQ ID NO: 42) HTHQDFQPVLHLV; (SEQ ID NO: 122) 
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—continued 

HTHQDFQPVLHL; (SEQ ID NO: 124) 

HSHRDFVALNSPLSGGMRGIR; (SEQ ID NO: 125) 

HSHRDFQPVLHLLSGGMRGIR; (SEQ ID NO: 126) 

QPVLHLVALNTPLSGGMRGIR; (SEQ ID NO: 127) 

HTHQDFVALNTPLSGGMRGIR; (SEQ ID NO: 128) 
and 

HTHQDFQPVLHLLSGGMRGIR. (SEQ ID NO: 129) 

Other anti-angiogenic peptides are based on the following 
consensus sequences: HXaaHXaaDFQPVLHLVALNXaa 
PLSGGMRGIR (SEQ ID NO: 130) or HXaaHXaaDFQPV 
LHLVALNXaaPLSG (SEQ ID NO: 131), Wherein Xaa is any 
amino acid. 

Other peptides having anti-angiogenic activity may com 
prise, consist of or consist essentially of any of the amino acid 
sequences described above.Yet other peptides may comprise, 
consist of or consist essentially of an amino acid sequence 
that has at least about 70%, 80%, 90%, 95%, 98% or 99% 
identity or homology With an N-terminal endo statin peptide. 
For example, peptides that differ from a sequence in a natu 
rally occurring endostatin protein in about 1, 2, 3, 4, 5 or more 
amino acids Would be expected to retain anti-angiogenic 
activity. Peptides that are similar to the sequences described 
above may contain substitutions, e.g., conservative substitu 
tions, deletions or additions. The differences are preferably in 
regions that are not signi?cantly conserved among different 
species. Such regions can be identi?ed by aligning the amino 
acid sequences of endostatin proteins from various animal 
species. For example, amino acids 2, 4, and 17 of SEQ ID NO: 
2, 4, or 6, and the highlighted amino acids in eg SEQ ID 
NOs: 8, 10, 12, 30, 32, or 34 may be substituted Without 
negatively impacting the anti-angiogenic activity, since these 
amino acids differ in the human and mouse sequences. These 
amino acids can be substituted, e.g., With those found in 
another species. Amino acid 9 can also be substituted, since 
that one is different in the Gallus gallus species. Other amino 
acids that may be substituted, inserted or deleted at these or 
other locations can be identi?ed by mutagenesis studies 
coupled With biological assays. 

Also encompassed herein are endostatin peptides that are 
fused to a heterologous peptide, such as a peptide that can be 
used for detecting; purifying; stabiliZing; or solubiliZing the 
endo statin peptide. 
A peptide may by linked to an immunoglobulin (Ig) con 

stant heavy or light chain domain or portion thereof. For 
example, a peptide may be linked to a CH1, CH2 and/or CH3 
domain of a heavy chain. If the constant region is from a light 
chain, it may be from a kappa or lambda light chain. If the 
constant region is from a heavy chain, it may be from an 
antibody of any one of the folloWing classes of antibodies: 
IgG, IgA, IgE, IgD, and IgM. IgG may be IgG1, IgG2, IgG3 
or IgG4. The constant domain may be an Fc fragment. The 
constant domain may be from a mammalian antibody, e. g., a 
human antibody. Soluble receptor-IgG fusion proteins are 
common immunological reagents and methods for their con 
struction are knoWn in the art (see e.g., US. Pat. Nos. 5,225, 
538, 5,726,044; 5,707,632; 750,375, 5,925,351, 6,406,697 
and Bergers et al. Science 1999 284: 808-12). Preferred as 
immunoglobulin is the constant part of the heavy chain of 
human IgG, particularly IgG1, Where dimeriZation betWeen 
tWo heavy chains takes place at the hinge region. It is recog 
niZed that inclusion of the CH2 and CH3 domains of the Fc 
region as part of the fusion polypeptide increases the in vivo 
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circulation half-life of the polypeptide comprising the Fc 
region, and that of the oligomer or dimer comprising the 
polypeptide. 
An Fc portion of human IgG1 Which includes the hinge 

region, and domains CH2 and CH3 has the nucleotide 
sequence 5' gag ccc aaa tct tgt gac aaa act cac aca tgc cca ccg 
tgc cca gca cct gaa ctc ctg ggg gga ccg tca gtc ttc ctc ttc ccc cca 
aaa ccc aag gac acc ctc atg atc tcc cgg acc cct gag gtc aca tgc 
gtg gtg gtg gac gtg agc cac gaa gac cct gag gtc aag ttc aac tgg 
tac gtg gac ggc gtg gag gtg cat aat gcc aag aca aag ccg cgg gag 
gag cag tac aac agc acg tac cgt gtg gtc agc gtc ctc acc gtc ctg 
cac cag gac tgg ctg aat ggc aag gag tac aag tgc aag gtc tcc aac 
aaa gcc ctc cca gcc ccc atc gag aaa acc atc tcc aaa gcc aaa ggg 

cag ccc cga gaa cca cag gtg tac acc ctg ccc cca tcc cgg gat gag 
ctg acc aag aac cag gtc agc ctg acc tgc ctg gtc aaa ggc ttc tat 
ccc agc gac atc gcc gtg gag tgg gag agc aat ggg cag ccg gag aac 
aac tac aag acc acg cct ccc gtg ctg gac tcc gac ggc tcc ttc ttc ctc 
tac agc aag ctc acc gtg gac aag agc agg tgg cag cag ggg aac gtc 
ttc tca tgc tcc gtg atg cat gag gct ctg cac aac cac tac acg cag aag 
agc ctc tcc ctg tct ccg ggt aaa tga 3' (SEQ ID NO: 132), Which 
encodes a peptide having the amino acid sequence: Glu Pro 
Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro 
Glu Leu Leu Gly Gly Pro SerVal Phe Leu Phe Pro Pro Lys Pro 
Lys Asp Thr Leu Met Ile SerArg Thr Pro Glu Val Thr Cys Val 
Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp 
TyrVal Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg 
Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr 
Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys 
Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile 
Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro GlnVal Tyr Thr Leu 
Pro Pro SerArgAsp Glu Leu Thr Lys Asn GlnVal Ser Leu Thr 
Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp 
Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro 
Val Leu Asp SerAsp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr 
Val Asp Lys SerArg Trp Gln Gin Gly AsnVal Phe Ser Cys Ser 
Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu 
Ser Leu Ser Pro Gly Lys (SEQ ID NO: 133). 

Constant Ig domains may also contain one or more muta 
tions that reduce or eliminate one or more effector function, 
e.g., binding to Fc receptors and complement activation (see, 
e.g., S. Morrison, Annu. Rev. Immunol., 10, pp. 239-65 
(1992); Duncan and Winter (1988) Nature 332: 738-740; and 
Xu et al. (1994) J Biol. Chem. 269: 3469-3474). For example, 
mutations of amino acids corresponding to Leu 235 and Pro 
331 of human IgGI to Glu and Ser respectively, are provided. 
Such constructs are further described in US. Pat. No. 6,656, 
728. 
The constant Ig domain may be linked to the N-terminus or 

C-terminus of a peptide. 
The peptide may also be linked to a linker sequence With a 

thrombin cleavage site, such as betWeen the peptide and an 
immunoglobulin domain. An exemplary nucleotide sequence 
encoding such a site has the folloWing nucleotide sequence: 5' 
tct aga ggt ggt cta gtg ccg cgc ggc agc ggt tcc ccc ggg ttg cag 
3' (SEQ ID NO: 134), Which encodes a peptide having the 
amino acid sequence: Ser Arg Gly Gly Leu Val Pro Arg Gly 
Ser Gly Ser Pro Gly Leu Gin (SEQ ID NO: 135). 
A peptide may also be fused to a signal sequence. For 

example, When prepared recombinantly, a nucleic acid 
encoding the peptide may be linked at its 5' end to a signal 
sequence, such that the peptide is secreted from the cell. 

Peptides may be used as a substantially pure preparation, 
e.g., Wherein at least about 90% of the peptides in the prepa 
ration are the desired peptide. Compositions comprising at 
least about 50%, 60%, 70%, or 80% of the desired peptide 
may also be used. 

Peptides may be denatured or non-denatured and may be 
aggregated or non-aggregated as a result thereof. Peptides can 
be denatured according to methods knoWn in the art. 

Peptides may be conjugated to Zinc. Thus, peptides may be 
in a composition comprising Zn“, e.g., in sul?cient quanti 
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ties that most of the peptides are conjugated to one or more 
Zn2+ molecule. Binding of Zn2+ to a peptide can be demon 
strated by the following assay. Zinc and peptide solutions are 
mixed, optionally incubated together, and then dialyZed to 
remove the Zinc that is not bound to the peptides. Detection of 
Zinc in the peptide solution can then be performed by atomic 
absorption. 

Yet other peptides that are encompassed herein are those 
that comprise modi?ed amino acids. Exemplary peptides are 
derivative peptides that may be one modi?ed by glycosyla 
tion, pegylation, phosphorylation or any similar process that 
retains at least one biological function of the peptide from 
Which it Was derived. 

Peptides may also comprise one or more non-naturally 
occurring amino acids. For example, nonclassical amino 
acids or chemical amino acid analogs can be introduced as a 
substitution or addition into peptides. Non-classical amino 
acids include, but are not limited to, the D-isomers of the 
common amino acids, 2,4-diaminobutyric acid, alpha-amino 
isobutyric acid, 4-aminobutyric acid, Abu, 2-amino butyric 
acid, gamma-Abu, epsilon-Ahx, 6-amino hexanoic acid, Aib, 
2-amino isobutyric acid, 3-amino propionic acid, omithine, 
norleucine, norvaline, hydroxyproline, sarcosine, citrulline, 
homocitrulline, cysteic acid, t-butylglycine, t-butylalanine, 
phenylglycine, cyclohexylalanine, beta-alanine, ?uoro 
amino acids, designer amino acids such as beta-methyl amino 
acids, Calpha-methyl amino acids, Nalpha-methyl amino 
acids, and amino acid analogs in general. Furthermore, the 
amino acid can be D (dextrorotary) or L (levorotary). 

In other speci?c embodiments, branched versions of the 
peptides listed herein are provided, e. g., by substituting one or 
more amino acids Within the sequence With an amino acid or 
amino acid analog With a free side chain capable of forming a 
peptide bond With one or more amino acids (and thus capable 
of forming a “branch”). Cyclical peptides are also contem 
plated. 

Also included are peptide derivatives Which are differen 
tially modi?ed during or after synthesis, e. g., by benZylation, 
glycosylation, acetylation, phosphorylation, amidation, 
pegylation, derivatiZation by knoWn protecting/blocking 
groups, proteolytic cleavage, linkage to an antibody molecule 
or other cellular ligand, etc. In speci?c embodiments, the 
peptides are acetylated at the N-terminus and/ or amidated at 
the C-terminus. 

Also provided are derivatives of endostatin peptides, such 
as chemically modi?ed peptides and peptidomimetics. Pep 
tidomimetics are compounds based on, or derived from, pep 
tides and proteins. Peptidomimetics can be obtained by struc 
tural modi?cation of knoWn peptide sequences using 
unnatural amino acids, conformational restraints, isosteric 
replacement, and the like. The subject peptidomimetics con 
stitute the continum of structural space betWeen peptides and 
non-peptide synthetic structures; peptidomimetics may be 
useful, therefore, in delineating pharmacophores and in help 
ing to translate peptides into nonpeptide compounds With the 
activity of the parent peptides. 

Moreover, mimetopes of the subject peptides can be pro 
vided. Such peptidomimetics can have such attributes as 
being non-hydrolyZable (e. g., increased stability against pro 
teases or other physiological conditions Which degrade the 
corresponding peptide), increased speci?city and/ or potency 
for stimulating cell differentiation. For illustrative purposes, 
peptide analogs can be generated using, for example, benZo 
diaZepines (e.g., see Freidinger et al. in Peptides: Chemistry 
and Biology, G. R. Marshall ed., ESCOM Publisher: Leiden, 
Netherlands, 1988), substituted gama lactam rings (Garvey et 
al. in Peptides: Chemistry and Biology, G. R. Marshall ed., 
ESCOM Publisher: Leiden, Netherlands, 1988, p123), C-7 
mimics (Huffman et al. in Peptides: Chemistry and Biologyy, 
G. R. Marshall ed., ESCOM Publisher: Leiden, Netherlands, 
1988, p. 105), keto-methylene pseudopeptides (EWenson et 
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al. (1986) JMed Chem 29:295; and EWenson et al. in Pep 
tides: Structure and Function (Proceedings of the 9th Ameri 
can Peptide Symposium) Pierce Chemical Co. Rockland, Ill., 
1985), [3-turn dipeptide cores (Nagai et al. (1985) Tetrahe 
dron Lett 26:647; and Sato et al. (1986) J Chem Soc Perkin 
Trans 1: 1231), [3-aminoalcohols (Gordon et al. (1985) Bio 
chem Biophys Res Commun126:419; and Dann et al. (1986) 
Biochem Biophys Res Commun 134:71), diaminoketones 
(Natarajan et al. (1984) Biochem Biophys Res Commun 124: 
141), and methyleneamino-modifed (Roark et al. in Peptides: 
Chemistry and Biology, G. R. Marshall ed., ESCOM Pub 
lisher: Leiden, Netherlands, 1988, p134). Also, see generally, 
Session III: Analytic and synthetic methods, in in Peptides: 
Chemistry and Biology, G. R. Marshall ed., ESCOM Pub 
lisher: Leiden, Netherlands, 1988). 

In addition to a variety of sidechain replacements Which 
can be carried out to generate peptidomimetics, the descrip 
tion speci?cally contemplates the use of conformationally 
restrained mimics of peptide secondary structure. Numerous 
surrogates have been developed for the amide bond of pep 
tides. Frequently exploited surrogates for the amide bond 
include the folloWing groups (i) trans-ole?ns, (ii) ?uoroalk 
ene, (iii) methyleneamino, (iv) phosphonamides, and (v) sul 
fonamides. 

O 

1% NEE H 

amide bond 

Examples of Surrogates: 

NQQMQE 
trans olefin ?uoroalkene methyleneamino 

O o o 

g \\S// 
| \ N \ N 
OH H H 

phosphonamide sulfonamide 

Additionally, peptidomimietics based on more substantial 
modi?cations of the backbone of a peptide can be used. 
Peptidomimetics Which fall in this category include (i) retro 
inverso analogs, and (ii) N-alkyl glycine analogs (so-called 
peptoids). 

O R2 

Hd JW}, N 

if _ N 2 H 

O l 

dipeptide 
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retro-inverso 

network 
N-alkyl glycine 

Examples of analogs: 

2m 

Furthermore, the methods of combinatorial chemistry are 
being brought to bear, on the development of neW peptidomi 
metics. For example, one embodiment of a so-called “peptide 
morphing” strategy focuses on the random generation of a 
library of peptide analogs that comprise a Wide range of 
peptide bond substitutes. 

O 

1 

dipeptide 

l peptide 
morphing 

neW b ackb one 
element 

2m 

Elm.. 
In an exemplary embodiment, the peptidomimetic can be 

derived as a retro-inverso analog of the peptide. Such retro 
inverso analogs can be made according to the methods knoWn 
in the art, such as that described by the Sisto et al. US. Pat. 
No. 4,522,752. A retro-inverso analog can be generated as 
described, e.g., in WO 00/01720. It Will be understood that a 
mixed peptide, e.g. including some normal peptide linkages, 
may be generated. As a general guide, sites Which are most 
susceptible to proteolysis are typically altered, With less sus 
ceptible amide linkages being optional for mimetic sWitch 
ing. The ?nal product, or intermediates thereof, can be puri 
?ed by HPLC. 

Peptides may comprise at least one amino acid or every 
amino acid that is a D stereoisomer. Other peptides may 
comprise at least one amino acid that is reversed. The amino 
acid that is reversed may be a D stereoisomer. Every amino 
acid of a peptide may be reversed and/or every amino acid 
may be a D stereoisomer. 

In another illustrative embodiment, a peptidomimetic can 
be derived as a retro-enantio analog of a peptide. Retro 
enantio analogs such as this can be synthesized With commer 
cially available D-amino acids (or analogs thereof) and stan 
dard solid- or solution-phase peptide-synthesis techniques, as 
described, e.g., in WO 00/01720. The ?nal product may be 
puri?ed by HPLC to yield the pure retro-enantio analog. 

In still another illustrative embodiment, trans-ole?n 
derivatives can be made for the subject peptide. Trans-ole?n 
analogs can be synthesized according to the method of Y. K. 
Shue et al. (1987) Tetrahedron Letters 28:3225 and as 
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described in WO 00/01720. It is further possible to couple 
pseudodipeptides synthesized by the above method to other 
pseudodipeptides, to make peptide analogs With several ole 
?nic functionalities in place of amide functionalities. 

Still another class of peptidomimetic derivatives include 
the phosphonate derivatives. The synthesis of such phospho 
nate derivatives can be adapted from knoWn synthesis 
schemes. See, for example, Loots et al. in Peptides: Chemistry 
and Biology, (Escom Science Publishers, Leiden, 1988, p. 
118); Petrillo et al. in Peptides: Structure and Function (Pro 
ceedings of the 9th American Peptide Symposium, Pierce 
Chemical Co. Rockland, Ill., 1985). 
Many other peptidomimetic structures are knoWn in the art 

and can be readily adapted for use in the subject peptidomi 
metics. To illustrate, a peptidomimetic may incorporate the 
1-azabicyclo[4.3 .0]nonane surrogate (see Kim et al. (1 997) J. 
Org. Chem. 6212847), or an N-acyl piperazic acid (see Xi et 
al. (1998) J. Am. Chem. Soc. 120:80), or a 2-substituted pip 
erazine moiety as a constrained amino acid analogue (see 
Williams et al. (1996) .1. Med. Chem. 39:1345-1348). In still 
other embodiments, certain amino acid residues can be 
replaced With aryl and bi-aryl moieties, e.g., monocyclic or 
bicyclic aromatic or heteroaromatic nucleus, or a biaromatic, 
aromatic-heteroaromatic, or biheteroaromatic nucleus. 

The subject peptidomimetics can be optimized by, e.g., 
combinatorial synthesis techniques combined With high 
throughput screening. 

Moreover, other examples of mimetopes include, but are 
not limited to, protein-based compounds, carbohydrate 
based compounds, lipid-based compounds, nucleic acid 
based compounds, natural organic compounds, synthetically 
derived organic compounds, anti-idiotypic antibodies and/or 
catalytic antibodies, or fragments thereof. A mimetope can be 
obtained by, for example, screening libraries of natural and 
synthetic compounds for compounds capable of inhibiting 
angiogenesis and/or tumor growth. A mimetope can also be 
obtained, for example, from libraries of natural and synthetic 
compounds, in particular, chemical or combinatorial libraries 
(i.e., libraries of compounds that differ in sequence or size but 
that have the same building blocks). A mimetope can also be 
obtained by, for example, rational drug design. In a rational 
drug design procedure, the three-dimensional structure of a 
compound of the present invention can be analyzed by, for 
example, nuclear magnetic resonance (NMR) or x-ray crys 
tallography. The three-dimensional structure can then be used 
to predict structures of potential mimetopes by, for example, 
computer modelling. The predicted mimetope structures can 
then be produced by, for example, chemical synthesis, recom 
binant DNA technology, or by isolating a mimetope from a 
natural source (e.g., plants, animals, bacteria and fungi). 

“Peptides, variants and derivatives thereof’ or “peptides 
and analogs thereof ’ are included in “peptide therapeutics” 
and is intended to include any of the peptides or modi?ed 
forms thereof, e.g., peptidomimetics, described herein. Pre 
ferred peptide therapeutics have anti-angiogenic activity. For 
example, they may reduce or inhibit angiogenesis by a factor 
of at least about 50%, 2 fold, 5 fold, 10 fold, 30 fold or 100 
fold, as determined, e.g., in an assay described herein. 

Assays for testing candidate peptides for anti-angiogenesis 
and inhibition of tumor growth or formation are knoWn in the 
art and exemplary ones are further described herein. 

Nucleic Acids 

Also disclosed are nucleic acids encoding anti-angiogenic 
peptides. Preferred nucleic acids are as folloWs: 
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cacagccaccgcgacttccagccggtgctccacctggttgcgctcaacagccccctgtcaggcggcatgcggggcat 
ccgc. 

catactcatcaggactttcagccagtgctccacctggtggcactgaacacccccctgtctggaggcatgcgtggtatccg 
t . 

catactcatcaggactttcagccagtgctccacctggtggcactgaacacccccctgtctggaggcatgcgtggt . 

agccaccgcgacttccagccggtgctccacctggttgcgctcaacagccccctgtcaggcggcatgcggggcatcc 
9C; 

caccgcgacttccagccggtgctccacctggttgcgctcaacagccccctgtcaggcggcatgcggggcatccgc; 

cgcgacttccagccggtgctccacctggttgcgctcaacagccccctgtcaggcggcatgcggggcatccgc; 

gacttccagccggtgctccacctggttgcgctcaacagccccctgtcaggcggcatgcggggcatccgc; 

ttccagccggtgctccacctggttgcgctcaacagccccctgtcaggcggcatgcggggcatccgc; 

cagccggtgctccacctggttgcgctcaacagccccctgtcaggcggcatgcggggcatccgc; 

ccggtgctccacctggttgcgctcaacagccccctgtcaggcggcatgcggggcatccgc; 

gtgctccacctggttgcgctcaacagccccctgtcaggcggcatgcggggcatccgc; 

ctccacctggttgcgctcaacagccccctgtcaggcggcatgcggggcatccgc; 

cacctggttgcgctcaacagccccctgtcaggcggcatgcggggcatccgc; 

ctggttgcgctcaacagccccctgtcaggcggcatgcggggcatccgc; 

gttgcgctcaacagccccctgtcaggcggcatgcggggcatccgc; 

gcgctcaacagccccctgtcaggcggcatgcggggcatccgc; 

ctcaacagccccctgtcaggcggcatgcggggcatccgc; 

aacagccccctgtcaggcggcatgcggggcatccgc; 

cacagccaccgcgacttccagccggtgctccacctggttgcgctcaacagccccctgtcaggcggcatgcggggcat 
c; 

cacagccaccgcgacttccagccggtgctccacctggttgcgctcaacagccccctgtcaggcggcatgcgg; 

cacagccaccgcgacttccagccggtgctccacctggttgcgctcaacagccccctgtcaggcggcatg; 

cacagccaccgcgacttccagccggtgctccacctggttgcgctcaacagccccctgtcaggcggc; 

cacagccaccgcgacttccagccggtgctccacctggttgcgctcaacagccccctgtcaggc; 

cacagccaccgcgacttccagccggtgctccacctggttgcgctcaacagccccctgtca; 

cacagccaccgcgacttccagccggtgctccacctggttgcgctcaacagccccctg; 

cacagccaccgcgacttccagccggtgctccacctggttgcgctcaacagcccc; 

cacagccaccgcgacttccagccggtgctccacctggttgcgctcaacagc; 

cacagccaccgcgacttccagccggtgctccacctggttgcgctcaac; 

cacagccaccgcgacttccagccggtgctccacctggttgcgctc; 

cacagccaccgcgacttccagccggtgctccacctggttgcg; 

cacagccaccgcgacttccagccggtgctccacctggtt; 

cacagccaccgcgacttccagccggtgctccacctg; 

actcatcaggactttcagccagtgctccacctggtggcactgaacacccccctgtctggaggcatgcgtggtatccgt; 

catcaggactttcagccagtgctccacctggtggcactgaacacccccctgtctggaggcatgcgtggtatccgt; 

caggactttcagccagtgctccacctggtggcactgaacacccccctgtctggaggcatgcgtggtatccgt; 

gactttcagccagtgctccacctggtggcactgaacacccccctgtctggaggcatgcgtggtatccgt; 

atttcagccagtgctccacctggtggcactgaacacccccctgtctggaggcatgcgtggtatccgt; 

cagccagtgctccacctggtggcactgaacacccccctgtctggaggcatgcgtggtatccgt; 
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— continued 

ccagtgctccacctggtggcactgaacacccccctgtctggaggcatgcgtggtatccgt; 

gtgctccacctggtggcactgaacacccccctgtctggaggcatgcgtggtatccgt; 

ctccacctggtggcactgaacacccccctgtctggaggcatgcgtggtatccgt; 

cacctggtggcactgaacacccccctgtctggaggcatgcgtggtatccgt; 

ctggtggcactgaacacccccctgtctggaggcatgcgtggtatccgt; 

gtggcactgaacacccccctgtctggaggcatgcgtggtatccgt; 

gcactgaacacccccctgtctggaggcatgcgtggtatccgt; 

ctgaacacccccctgtctggaggcatgcgtggtatccgt; 

aacacccccctgtctggaggcatgcgtggtatccgt; 

catactcatcaggactttcagccagtgctccacctggtggcactgaacacccccctgtctggaggcatgcgtggtatc; 

catactcatcaggactttcagccagtgctccacctggtggcactgaacacccccctgtctggaggcatgcgtggt; 

catactcatcaggactttcagccagtgctccacctggtggcactgaacacccccctgtctggaggcatgcgt; 

catactcatcaggactttcagccagtgctccacctggtggcactgaacacccccctgtctggaggcatg; 

catactcatcaggactttcagccagtgctccacctggtggcactgaacacccccctgtctggaggc; 

catactcatcaggactttcagccagtgctccacctggtggcactgaacacccccctgtctgga; 

catactcatcaggactttcagccagtgctccacctggtggcactgaacacccccctgtct; 

catactcatcaggactttcagccagtgctccacctggtggcactgaacacccccctg; 

catactcatcaggactttcagccagtgctccacctggtggcactgaacaccccc; 

catactcatcaggactttcagccagtgctccacctggtggcactgaacacc; 

catactcatcaggactttcagccagtgctccacctggtggcactgaac; 

catactcatcaggactttcagccagtgctccacctggtggcactg; 

catactcatcaggactttcagccagtgctccacctggtggca; 

catactcatcaggactttcagccagtgctccacctggtg; 
and 

catactcatcaggactttcagccagtgctccacctg. 
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Nucleic acids include vectors, such as expression vectors 
for producing a peptide, e.g., viral vectors. Also encompassed 
herein are cells comprising a nucleic acid encoding a peptide 
described herein and methods for producing peptides com 
prising culturing these cells to produce a peptide. These meth 
ods can be used of producing recombinant peptides or for 
expression ofa petpide in a cell, e.g., in a cell ofa subject. 

Appropriate vectors may be introduced into host cells 
using Well knoWn techniques such as infection, transduction, 
transfection, transvection, electroporation and transforma 
tion. The vector may be, for example, a phage, plasmid, viral 
or retroviral vector. Retroviral vectors may be replication 
competent or replication defective. In the latter case, viral 
propagation generally Will occur only in complementing host 
cells. 

The vector may contain a selectable marker for propaga 
tion in a host. Generally, a plasmid vector is introduced in a 
precipitate, such as a calcium phosphate precipitate, or in a 
complex With a charged lipid. If the vector is a virus, it may be 
packaged in vitro using an appropriate packaging cell line and 
then transduced into host cells. 

Preferred vectors comprise cis-acting control regions to the 
polynucleotide of interest. Appropriate trans-acting factors 
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may be supplied by the host, supplied by a complementing 
vector or supplied by the vector itself upon introduction into 
the host. 

In certain embodiments, the vectors provide for speci?c 
expression, Which may be inducible and/or cell type-speci?c. 
Particularly preferred among such vectors are those inducible 
by environmental factors that are easy to manipulate, such as 
temperature and nutrient additives. 

Expression vectors useful in the present invention include 
chromosomal-, episomal- and virus-derived vectors, e. g., 
vectors derived from bacterial plasmids, bacteriophage, yeast 
episomes, yeast chromosomal elements, viruses such as 
baculoviruses, papova viruses, vaccinia viruses, adenovi 
ruses, foWl pox viruses, pseudorabies viruses and retrovi 
ruses, and vectors derived from combinations thereof, such as 
cosmids and phagemids. 
The DNA insert should be operatively linked to an appro 

priate promoter, such as the phage lambda PL promoter, the E. 
coli lac, trp and tac promoters, the SV40 early and late pro 
moters and promoters of retroviral LTRs, to name a feW. 
Other suitable promoters Will be knoWn to the skilled artisan. 
The expression constructs Will further contain sites for tran 
scription initiation, termination and, in the transcribed region, 
a ribosome binding site for translation. The coding portion of 
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the mature transcripts expressed by the constructs Will pref 
erably include a translation initiating site at the beginning and 
a termination codon (UAA, UGA or UAG) appropriately 
positioned at the end of the polypeptide to be translated. 
As indicated, the expression vectors Will preferably 

include at least one selectable marker. Such markers include 
dihydrofolate reductase or neomycin resistance for eukary 
otic cell culture and tetracycline, kanamycin, or ampicillin 
resistance genes for culturing in E. coli and other bacteria. 
Representative examples of appropriate ho sts include, but are 
not limited to, bacterial cells, such as E. coli, Slreplomyces 
and Salmonella Zyphimurium cells; fungal cells, such as yeast 
cells; insect cells such as Drosophila S2 and Sf9 cells; animal 
cells such as CHO, COS and BoWes melanoma cells; and 
plant cells. Appropriate culture mediums and conditions for 
the above-described host cells are knoWn in the art. 
Among vectors preferred for use in bacteria include 

pQE70, pQE60 and pQE9, pQElO available from Qiagen; 
pBS vectors, Phagescript vectors, Bluescript vectors, 
pNH8A, pNHl6a, pNHl8A, pNH46A available from Strat 
agene; pET series of vectors available from Novagen; and 
ptrc99a, pKK223-3, pKK233-3, pDR540, pRlT5 available 
from Pharmacia. Among preferred eukaryotic vectors are 
pWLNEO, pSV2CAT, pOG44, pXTl and pSG available 
from Stratagene; and pSVK3, pBPV, pMSG and pSVL avail 
able from Pharmacia. Other suitable vectors Will be readily 
apparent to the skilled artisan. 
Among knoWn bacterial promoters suitable for use in the 

present invention include the E. coli lacl and lacZ promoters, 
the T3, T5 and T7 promoters, the gpt promoter, the lambda PR 
and PL promoters, the trp promoter and the xyl/tet chimeric 
promoter. Suitable eukaryotic promoters include the CMV 
immediate early promoter, the HSV thymidine kinase pro 
moter, the early and late SV40 promoters, the promoters of 
retroviral LTRs, such as those of the Rous sarcoma virus 
(RSV), and metallothionein promoters, such as the mouse 
metallothionein-l promoter. 

Introduction of the construct into the host cell can be 
effected by calcium phosphate transfection, DEAE-dextran 
mediated transfection, cationic lipid-mediated transfection, 
electroporation, transduction, infection or other methods. 
Such methods are described in many standard laboratory 
manuals (for example, Davis, et al., Basic Methods In 
Molecular Biology (1986)). 

Transcription of DNA encoding the polypeptides of the 
present invention by higher eukaryotes may be increased by 
inserting an enhancer sequence into the vector. Enhancers are 
cis-acting elements of DNA, usually about from 10 to 300 
nucleotides that act to increase transcriptional activity of a 
promoter in a given host cell-type. Examples of enhancers 
include the SV40 enhancer, Which is located on the late side 
of the replication origin at nucleotides 100 to 270, the 
cytomegalovirus early promoter enhancer, the polyoma 
enhancer on the late side of the replication origin, and aden 
ovirus enhancers. 
A recombinant soluble form of a polypeptide of the present 

invention may also be produced, e.g., by deleting at least a 
portion of the transmembrane domain, such that the protein is 
not capable to localiZe itself to a cell membrane. Also Within 
the scope of the invention are nucleic acids encoding splice 
variants or nucleic acids representing transcripts synthesized 
from an alternative transcriptional initiation site, such as 
those Whose transcription Was initiated from a site in an 
intron. Such homologues can be cloned by hybridiZation or 
PCR using standard methods knoWn in the art. 

The polynucleotide sequence may also encode for a leader 
sequence, e.g., the natural leader sequence or a heterologous 
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leader sequence. Alternatively, the nucleic acid can be engi 
neered such that the natural leader sequence is deleted and a 
heterologous leader sequence inserted in its place. The term 
“leader sequence” is used interchangeably herein With the 
term “signal peptide”. For example, the desired DNA 
sequence may be fused in the same reading frame to a DNA 
sequence Which aids in expression and secretion of the 
polypeptide from the ho st cell, for example, a leader sequence 
Which functions as a secretory sequence for controlling trans 
port of the polypeptide from the cell. The protein having a 
leader sequence is a preprotein and may have the leader 
sequence cleaved by the host cell to form the mature form of 
the protein. 

For secretion of the translated polypeptide into the lumen 
of the endoplasmic reticulum, into the periplasmic space or 
into the extracellular environment, appropriate secretion sig 
nals may be incorporated into the expressed polypeptide, for 
example, the amino acid sequence KDEL. The signals may be 
endogenous to the polypeptide or they may be heterologous 
signals. 
The polypeptides may be expressed in a modi?ed form, 

such as a fusion protein, and may include not only secretion 
signals, but also additional heterologous functional regions. 
For instance, a region of additional amino acids, particularly 
charged amino acids, may be added to the N-terminus or 
C-terminus of the polypeptide to improve stability and per 
sistence in the host cell, during puri?cation, or during subse 
quent handling and storage. Also, peptide moieties may be 
added to the polypeptide to facilitate puri?cation. Such 
regions may be removed prior to ?nal preparation of the 
polypeptide. The addition of peptide moieties to polypeptides 
to engender secretion or excretion, to improve stability and to 
facilitate puri?cation, among others, are familiar and routine 
techniques in the art. An example of such a fusion protein may 
comprise a heterologous region from immunoglobulin that is 
useful to solubiliZe proteins. 

Exemplary Methods 
Anti-angiogenic peptides or an anti-angiogenic peptide 

encoding nucleic acidvector may be administered to a subject 
in need thereof to prevent or reduce angiogenesis and/or cell 
proliferation, e.g., tumor groWth, or any disease or disorder 
associated thereWith. The subject may be a human or animal, 
such as a mammal. 

Unregulated angiogenesis occurs in a multiplicity of dis 
ease states, tumor metastasis and abnormal groWth by endot 
helial cells and supports the pathological damage seen in 
these conditions. The diverse pathological states created due 
to unregulated angiogenesis have been grouped together as 
angiogenic dependent or angiogenic associated diseases. 
Therapies directed at control of the angiogenic processes 
could lead to the abrogation or mitigation of these diseases. 
Thus, angiogenesis is associated With any neW tissue groWth, 
Whether normal or disease associated. Accordingly, the thera 
peutics described herein can be used to inhibit angiogenesis 
associated With any neW tissue groWth, Whether normal or 
disease associated. 

Therapeutics may be contacted With a tissue to prevent 
angiogenesis and/or cell proliferation, e. g., tumor groWth, or 
any disease or disorder associated thereWith. Diseases and 
processes that are mediated by angiogenesis include heman 
gioma, solid tumors, leukemia, metastasis, telangiectasia 
psoriasis scleroderma, pyogenic granuloma, myocardial 
angiogenesis, plaque neovasculariZation, coronary collater 
als, cerebral collaterals, arteriovenous malformations, 
ischemic limb angiogenesis, corneal diseases, rubeosis, 
neovascular glaucoma, diabetic retinopathy, retrolental ?bro 
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plasia, arthritis, diabetic neovasculariZation, macular degen 
eration, Wound healing, peptic ulcer, fractures, keloids, 
phemphigoid, trachoma, vasculogenesis, hematopoiesis, 
ovulation, menstruation, and placentation. The therapeutics 
described herein may also be used for treating or repressing 
the groWth of a cancer or reducing tumor mass. 

Angiogenesis is prominent in solid tumor formation and 
metastasis. Angiogenic factors have been found associated 
With several solid tumors such as rhabdomyosarcomas, ret 
inoblastoma, EWing sarcoma, neuroblastoma, and osteosar 
coma. A tumor cannot expand Without a blood supply to 
provide nutrients and remove cellular Wastes. Tumors in 
Which angiogenesis is important include solid tumors, and 
benign tumors such as acoustic neuroma, neuro?broma, tra 
choma and pyogenic granulomas. Prevention of angiogenesis 
could halt the groWth of these tumors and the resultant dam 
age to the animal due to the presence of the tumor. 

Angiogenesis is important in tWo stages of tumor metasta 
sis. The ?rst stage Where angiogenesis stimulation is impor 
tant is in the vasculariZation of the tumor Which alloWs tumor 
cells to enter the blood stream and to circulate throughout the 
body. After the tumor cells have left the primary site, and have 
settled into the secondary, metastasis site, angiogenesis must 
occur before the neW tumor can groW and expand. Therefore, 
prevention of angiogenesis could lead to the prevention of 
metastasis of tumors and possibly contain the neoplastic 
groWth at the primary site. 

It should be noted that angiogenesis has been associated 
With blood-born tumors such as leukemias, any of various 
acute or chronic neoplastic diseases of the bone marroW in 
Which unrestrained proliferation of White blood cells occurs, 
usually accompanied by anemia, impairedblood clotting, and 
enlargement of the lymph nodes, liver, and spleen. It is 
believed that angiogenesis plays a role in the abnormalities in 
the bone marroW that give rise to leukemia-like tumors. 

The compositions described herein may be used for treat 
ing atherosclerosis. As such, compositions comprising the 
peptides described herein may be used to prevent or regress 
atherosclerosis groWth or plaque formation. 

Generally, the compositions described herein may be used 
for treating in?ammatory-disorders, such as immune and 
non-immune in?ammation, chronic articular rheumatism, 
psoriasis disorders associated With inappropriate or inoppor 
tune invasion of vessels, such as diabetic retinopathy, neovas 
cular glaucoma, restenosis, capillary proliferation in athero 
sclerotic plaques and osteoporosis. Cancer-associated 
disorders that can be treated include solid tumors, solid tumor 
metastasis, angio?bromas, retrolental ?broplasia, hemangio 
mas, and Kaposi sarcomas. 
One example of a disease mediated by angiogenesis is 

ocular neovascular disease. This disease is characterized by 
invasion of neW blood vessels into the structures of the eye 
such as the retina or cornea. It is the most common cause of 
blindness and is involved in approximately tWenty eye dis 
eases. In age-related macular degeneration, the associated 
visual problems are caused by an ingroWth of chorioidal 
capillaries through defects in Bruch’s membrane With prolif 
eration of ?brovascular tissue beneath the retinal pigment 
epithelium. Angiogenic damage is also associated With dia 
betic retinopathy, retinopathy of prematurity, corneal graft 
rejection, neovascular glaucoma and retrolental ?broplasia. 

Diseases associated With corneal neovasculariZation that 
can be treated as described herein include but are not limited 
to, diabetic retinopathy, retinopathy of prematurity, corneal 
graft rejection, neovascular glaucoma and retrolental ?bro 
plasia, epidemic keratoconjunctivitis, Vitamin A de?ciency, 
contact lens overWear, atopic keratitis, superior limbic kerati 
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22 
tis, pterygium keratitis sicca, sj ogrens, acne rosacea, phylect 
enulosis, syphilis, Mycobacteria infections, lipid degenera 
tion, chemical burns, bacterial ulcers, fungal ulcers, Herpes 
simplex infections, Herpes Zoster infections, protoZoan infec 
tions, Kaposi sarcoma, Mooren ulcer, Terrien’s marginal 
degeneration, mariginal keratolysis, trauma, rheumatoid 
arthritis, systemic lupus, polyarteritis, Wegeners sarcoidosis, 
Scieritis, Steven’s Johnson disease, and periphigoid radial 
keratotomy. 

Diseases associated With retinal/choroidal neovasculariZa 
tion that can be treated as described herein include, but are not 
limited to, diabetic retinopathy, macular degeneration, sickle 
cell anemia, sarcoid, syphilis, pseudoxanthoma elasticum, 
Pagets disease, vein occlusion, artery occlusion, carotid 
obstructive disease, chronic uveitis/vitritis, mycobacterial 
infections, Lyme’s disease, systemic lupus erythematosis, 
retinopathy of prematurity, Eales disease, Bechets disease, 
infections causing a retinitis or choroiditis, presumed ocular 
histoplasmosis, Bests disease, myopia, optic pits, Stargarts 
disease, pars planitis, chronic retinal detachment, hypervis 
cosity syndromes, toxoplasmosis, trauma and post-laser 
complications. Other diseases include, but are not limited to, 
diseases associated With rubeosis (neovasculariation of the 
angle) and diseases caused by the abnormal proliferation of 
?brovascular or ?brous tissue including all forms of prolif 
erative vitreoretinopathy, Whether or not associated With dia 
betes. 

Another disease in Which angiogenesis is believed to be 
involved is rheumatoid arthritis. The blood vessels in the 
synovial lining of the joints undergo angiogenesis. In addition 
to forming neW vascular networks, the endothelial cells 
release factors and reactive oxygen species that lead to pan 
nus groWth and cartilage destruction. The factors involved in 
angiogenesis may actively contribute to, and help maintain, 
the chronically in?amed state of rheumatoid arthritis. 

Factors associated With angiogenesis may also have a role 
in osteoarthritis. The activation of the chondrocytes by angio 
genic-related factors contributes to the destruction of the 
joint. At a later stage, the angiogenic factors Would promote 
neW bone formation. Therapeutic intervention that prevents 
the bone destruction could halt the progress of the disease and 
provide relief for persons suffering With arthritis. 

Chronic in?ammation may also involve pathological 
angiogenesis. Such disease states as ulcerative colitis and 
Crohn’ s disease shoW histological changes With the ingroWth 
of neW blood vessels into the in?amed tissues. Bartonellosis, 
a bacterial infection found in South America, can result in a 
chronic stage that is characteriZed by proliferation of vascular 
endothelial cells. Another pathological role associated With 
angiogenesis is found in atherosclerosis. The plaques formed 
Within the lumen of blood vessels have been shoWn to have 
angiogenic stimulatory activity. 
One of the most frequent angiogenic diseases of childhood 

is the hemangioma. In most cases, the tumors are benign and 
regress Without intervention. In more severe cases, the tumors 
progress to large cavernous and in?ltrative forms and create 
clinical complications. Systemic forms of hemangiomas, the 
hemangiomatoses, have a high mortality rate. Therapy-resis 
tant hemangiomas exist that cannot be treated With therapeu 
tics currently in use. 

Angiogenesis is also responsible for damage found in 
hereditary diseases such as Osler-Weber-Rendu disease, or 
hereditary hemorrhagic telangiectasia. This is an inherited 
disease characterized by multiple small angiomas, tumors of 
blood or lymph vessels. The angiomas are found in the skin 
and mucous membranes, often accompanied by epistaxis 




















































































